The finite-strain-invariant criterion is applied to ToraylOOOI DER332 symmetrically balanced angle-ply laminates subjected to a uniaxial loading state. The results indicate that the initial failures are all in the matrix failure mode.
Introduction
The finite-strain-invariant criterion, recently developed by Feng [ 1] is applied here to ToraylO00 / DER332 composites. The fundamental material properties for a unidirectional composite, both elastic constants and strengths, are obtained experimentally at Lawrence Livermore National Laboratory. They are used to evaluate the strength constants in the criterion. Numerical data for symmetrically balanced angle-ply laminates are obtained. The results showed that the failure criterion predicts the fiber-and matrix-dominated failure modes. Furthermore, for Toray 1000 / DER 332 symmetrically balanced angle-ply laminates, subjected to uniaxial load, the initial failure of the composite consistently begins in the matrix.
Failure Criterion
The failure criterion developed by Feng[l] consists of two modes: the matrix-and fiberdominated failure modes. In terms of infinitesimal strain invariants, they are, respectively,
where JI' J 2 , J 4 , and J 5 are related to the infinitesimal strain components by (1) (2)
The experimental data for the elastic properties and the strengths of a unidirectional Toray 1000 / DER332 composite are shown in Table 1 . In the table, El1 and En are the longitudinal and transverse elastic moduli, Jl12 is the shear modulus, and u 12 is the major Poisson's ratio. The XO' and X'O' are the tensile and compressive strengths in the fiber direction, YO' and Y'O' are the tensile and compressive strengths transverse to the fiber direction, and SO' is the shear strength. Table. Orthotropic mechanical properties of a unidirectional Toray 1000/ DER332 Composite for plane stress problems.
With these properties and the constitutive relationships that relate the stresses and strains for plane-stress problems, the material constants for the failure criterion are:
Thus, the failure criterion for Toray 1000 / DER332 composites is determined.
ToraylOOO I DER332 Symmetrically Balanced Angle-ply Laminates (3)
In this article, the failure criterion is used to study ToraylOOO / DER332 symmetrically balanced angle-ply laminates. A uniaxial load is applied. The lay-ups of the composite laminates are [ fa. ] ns where a. is the angle between the loading axis and the fiber axis.
The maximum uniaxial tensile stresses before failure for the Toray 1000 / DER332 symmetrically balanced angle-ply laminate with various angles of orientation are shown in the Figure. Two basic strength data used in determining the failure criterion are shown in solid dots. As can be seen from the graph, the failure criterion is divided into two parts: the fiber-dominated failure mode and the matrix-dominated failure mode. It is worth noting that for unidirectional composite a. = 0, the criterion predicts that the matrix failure will precede the fiber failure. The data used assume total failure of the composite; therefore, the fiber-dominated failure mode is assumed for determining the failure criterion. However, the failure criterion indicates that the matrix-dominated failure occurs first. As the figure also shows that for a symmetrically balanced angle-ply laminate subjected to uniaxial tension, the matrix-dominated initial failures occur for all angles a. Therefore, in order to increase the strength of the composite, a toughened matrix must be used. 
Future Work
This work is part of an effort to characterize the failure behavior of continuous fiber composites, both experimentally and theoretically. This program has developed a unique multiaxial testing capability for 2.0" diameter composite tubes using tension-torsion-internal pressurization. We have utilized this test system to generate a multiaxial failure surface for a filament wound Torayl000 I DER332 [±1.5,±45,±89] laminate. Our current objectives are to utilize this new criterion as well as the other failure criteria available to model the rnultiaxial data. Future work will involve the development of progressive failure strategies.
